We aimed to compare incidence and outcomes for endoscopic biliary sphincterotomies in people with or without type 2 diabetes mellitus (T2DM) in Spain (2003Spain ( -2013.
INTRODUCTION
Endoscopic biliary sphincterotomy is an effective procedure used to treat different pancreatobiliary medical conditions. It has therefore had a widespread acceptance for decades (1, 2) . On the one hand, it is possible that advancing technology and overall improved quality of medical care allow for better outcomes, but on the other hand, more aggressive approaches in the elderly and in those patients with higher numbers of medical coexisting conditions might confer a worse prognosis. Public reports of complications and mortality rates after endoscopic biliary sphincterotomies mainly belong to the last decades of the twentieth century (3) (4) (5) . Recent literature on the topic mostly focuses on comparing the outcomes after endoscopic biliary dilation vs endoscopic biliary sphincterotomies alone (6) (7) (8) , but in our own experience the numbers of patients undergoing one or another procedure are very dissimilar.
Type-2 diabetes (T2DM) is a prevalent chronic condition (9, 10) . To our knowledge, no recent reports compare rates of mortality and complications between people with or without diabetes. If we could detect that such a large population is differentially exposed to higher rates of procedure-related complications or mortality risk after endoscopic biliary sphincterotomies as compared to people without diabetes, this would add evidence to design specific strategies aimed to improve the outcomes in people with T2DM. Thus, our goal was to compare trends in incidence rates and outcomes like in-hospital mortality and other complications, for endoscopic biliary sphincterotomies in people with or without T2DM in Spain between 2003 and 2013 using national hospital discharge data.
METHODS

Participants
We conducted this cohort-based, retrospective, observational study using the Spanish National Hospital Database (MBDS, Minimum Basic Data Set). This database is managed by the Spanish Ministry of Health, Social Policy and Equality and compiles all the public and private hospital data, hence covering more than 95% of hospital discharges (11) . The MBDS includes patient-related variables (sex, date of birth), date of admittance, urgent vs programmed admission, date of discharge, up to 14 discharge diagnoses, up to 20 procedures and whether the patient died during hospitalization. The Spanish Ministry of Health, Social Policy and Equality sets standards for registration and performs periodic audits. We analyzed the data between January 1 st 2003 and December 31 st 2013 (11-year time period).
We chose disease and procedure criteria according to the International Classification Diseases-Ninth Revision, Clinical Modification (ICD-9-CM codes) (12) , which is used in the Spanish MBDS. We selected all admissions during which an endoscopic biliary sphincterotomy (papillotomy) was performed (code 51.85), identified based on any procedural field. We additionally registered whether endoscopic dilatation of the ampulla of Vater or the biliary tract (code 51.84), or endoscopic biliary stenting (code 51.87) were performed. We discarded cases with nontherapeutic procedures, namely diagnostic endoscopic retrograde cholangiographies for diagnostic purposes only (codes 51.10, 51.11 and 52.13).
We grouped discharge diabetes status as follows: people with no diabetes vs people with T2DM. We identified T2DM with the ICD-9-CM codes: 250.x0 and 250.x2. We excluded people with type 1 diabetes mellitus (ICD-9-MC codes: 250.x1; 250.x3), cases with a diagnosis of gallbladder or pancreas cancer (ICD-9-MC codes: 156.x and 157.x, respectively) and people younger than 18 years old. Clinical characteristics included information on overall comorbidity at the time of diagnosis based on the Charlson comorbidity index (CCI) (13, 14) . The index applies to 17 disease categories whose scores are totaled to obtain an overall score for each case. The index is subsequently categorized into three levels: 0, no disease; 1, one or two diseases; and 2, three or more than three diseases. We used 16 disease categories after excluding diabetes to calculate our modified CCI.
We considered other risk factors in the data analysis: obesity (ICD-9-MC codes: 278.0, 278.0x, 278.1, 278.8), and whether or not the procedure was performed during an urgent admission. The primary outcome was the proportion of participants who died during admission, defined as in-hospital mortality (IHM). The key secondary outcome was a composite of IHM and procedural-related complications, as defined by codes 997.4, 996.59 and 996.7. These complications included procedure-related cholangitis (code 576.1), acute pancreatitis (code 577.0), biliary perforation or fistula (codes 567.81/575.4/575.5/576.3/576.4) and gastrointestinal bleeding (codes 578.0/578.1/578.9/998.11/998.12).
Statistical methods
The incidence of endoscopic biliary sphincterotomies for the populations with and without T2DM per 100,000 inhabitants was estimated. The yearly age-, sex-specific incidence rates for diabetic patients were calculated dividing the number of cases per year, sex, and age group by the corresponding estimated number of people in that population group with diabetes according to data from the Spanish National Institute of Statistics, as reported on December 31 st of each year (15) . The estimated prevalence of diabetes for sex and age groups was obtained from data from the Spanish Di@bet. (10, 16) . In a similar fashion, we also calculated the yearly age-, sex-specific incidence rates for non-T2DM patients dividing the number of cases per year, sex, and age group by the corresponding number of people in that population group without diabetes according to the same sources.
We obtained the values for the variables as proportions or rates, means with standard deviations or medians with interquartile ranges, as was the case for length of hospital stay (LOHS). Bivariate analyses of the variables according to the year were conducted using binary logistic regression (proportions), ANOVA (means) and Kruskall-Wallis test (medians) as appropriate. In order to test the time trend for IHM adjusted by potential confounding variables, we performed logistic regression analyses with mortality as a the primary binary outcome, and the composite of mortality and procedural complications as the key secondary binary outcome, entering age, gender, CCI, obesity, urgent admission procedure, additional biliary dilatation and year of discharge as independent variables in both models. Models for subjects with and without diabetes and for the entire population were generated in order to compare the IHM and the composite of IHM and procedural complications between those with and without the disease. Statistical analyses were performed using Stata version 10.1 (Stata, College Station, Texas, USA). Nominal statistical significance was set at p < 0.05 (2-tailed).
Ethical aspects
We maintained data confidentiality at all times according to Spanish legislation. Participants' identifiers had been deleted before the database was provided to the authors in order to maintain people anonymity. Given the anonymous and mandatory nature of the dataset, it was deemed not necessary to obtain informed consent.
RESULTS
The total number of people having an endoscopic biliary sphincterotomy in the entire 11-year period was 126,885. Among them, 23,002 (18.1%) had T2DM.
Incidence rates for endoscopic biliary sphincterotomies in people with and without T2DM
There was an overall increase in endoscopic biliary sphincterotomies over time (Table I ). The crude incidence of endoscopic biliary sphincterotomies was > 3-fold higher among T2DM people than among non-T2DM people for the full 11-year period (85.5 vs 26.9 cases/10 5 population). Annual incidence rates of endoscopic biliary sphincterotomies increased during the 11-year period: crude incidence rates raised from 60.0 to 106.5 cases/10 5 total population, a 77.5% 11-year relative increment, in people with T2DM and from 21.6 to 33.2 cases/10 5 total population, a 53.7% 11-year relative increment, in people without T2DM (all p values < 0.001; calculated from data shown in table I).
Characteristics of the patients undergoing endoscopic biliary sphincterotomies
People without T2DM who had endoscopic biliary sphincterotomies were progressively older (p = 0.005), but people with T2DM were not (p = 0.06; table I). People with T2DM were older than people without T2DM (mean, 75.1 ± 10.5 vs 69.1 ± 16.9 years old). The number of coexisting medical conditions increased over time (p < 0.001). Obesity was more prevalent among cases with T2DM (7.4 vs 3.7%). Over time, there was an overall trend to perform a lower percentage of procedures during urgent medical admissions. We found increasing numbers of biliary stent insertions and biliary dilatations (all p values < 0.001). LOHS significantly decreased over time for the populations with and without T2DM (p < 0.001).
Outcomes: in-hospital mortality and procedural complications
Crude mortality rates did not differ among people with and without T2DM (1.8% and 1.7%, respectively; table I). Moreover, we found no significant changes in mortality trends over time for any of both populations. Crude incidence rates for procedural pancreatitis were lower in people with T2DM than in people without T2DM (15.9% vs 18.3%, respectively). Over time, we found decreasing numbers of procedural pancreatitis, but this trend reached statistical significance only for people without T2DM. Procedural gastrointestinal bleeding increased over time only in people without T2DM (p < 0.001).
Factors associated with in-hospital mortality (primary outcome)
Older age, higher comorbidity and having an endoscopic biliary sphincterotomy during an urgent admission were associated with a higher IHM (Table II) 
Factors associated with in-hospital mortality or procedural complications (key secondary outcome)
Female sex, higher comorbidity, obesity and having an endoscopic biliary sphincterotomy during an urgent admission were associated with higher rates of mortality or combined procedural complications, whereas older age and undergoing biliary dilatation were associated with lower rates (Table III) 
DISCUSSION
In this observational, retrospective, national-based study, we found increasing annual incidence rates of endoscopic biliary sphincterotomies, especially in people with T2DM. The crude annual incidence rates of endoscopic biliary sphincterotomies were higher among people with T2DM than in people without T2DM for all the years analyzed. We must underscore that these figures were referred to the census overall population; so, the apparently increasing rates may have partially obeyed to the higher prevalence of T2DM in the population. However, we believe that having had access to precise estimations of the prevalence rates of T2DM from the Spanish Di@ (17) . Moreover, other studies have reported similar crude incidence rates (18) .
Crude incidence rates for procedural pancreatitis were lower in people with T2DM than in people without T2DM, but we found a significant downward trend over time in people without T2DM only, perhaps due to a much larger denominator for this population. Older studies have reported lower rates of pancreatitis (19, 20) , but in our study we are possibly including many more cases of asymptomatic, biochemical pancreatitis that are diagnosed on the basis of routine determination of blood values of pancreatic enzymes after the procedure (21) .
Crude mortality rates did not differ between people with or without T2DM. Mortality rates during admissions in which endoscopic biliary sphincterotomies were done remained under 2%; this figure is similar to other previously published results (22) . Additionally, we found no significant changes in mortality trends over time for any of both populations, which could be influenced by the low number of fatalities.
In the multivariate analyses, T2DM was associated with an 18% lower IHM after an endoscopic biliary sphincterotomy. The time trend analyses 2003-2013 showed sig- (12) 9 (12) 9 (12) 9 (12) 9 (12) 9 (12) 9 (12) 8 (11) 8 (11) 8 (10) 8 (10) 8 (12) 11 (13) 10 (12) 10 (13) 10 (12) 10 (12) 10 (12) 10 (12) 9 (12) 8 (10) 9 (10) 8 (11) 9 ( nificant reductions in IHM over time only in people with T2DM, yet slight reductions in IHM or procedural complications combined in the population overall. We have to be cautious about the finding of a lower mortality risk for people with T2DM, as the data was collected retrospectively and from a registry database. However, in order to avoid getting biased results, we tested the hypotheses in inclusive regression models to account for potential confounding factors, although we are aware that residual confounding due to allocation bias could be playing some role. The behavior of patients with T2DM undergoing these procedures could actually be different in case late infectious complications occurred, in terms of tolerance to oxidant stress, the probability of developing acute lung injury or antibody responses or other immunologic functions (23, 24) . We admit that it is merely speculative, but an interaction effect between obesity and T2DM could not be fully discarded: obesity was more frequently coded in the T2DM population. The better outcomes associated with obesity have been described as the "obesity paradox" by others (25) . Finally, we had no information about the exact time when sphincterotomies were done for the urgently admitted patients, which might have confounded results as well. As a limitation, for some variables we had to rely exclusively on the information the physician included in the discharge report. Under or over-report of different conditions is possible for some subgroups of patients. However, as opposed to diagnoses issues, we believe that infra-coding for procedures like endoscopic biliary sphincterotomy is unlikely, especially because in almost one third of the cases the procedure was performed during a non-urgent admission, probably specifically programmed with that aim.
Unfortunately, in Spain a validation study to assess the rate of unreported diagnosis of diabetes in administrative databases has not been conducted so far. However, Leong A et al. recently concluded that a commonly-used administrative database definition for diabetes had a pooled sensitivity of 82.3% (95% CI 75.8, 87.4) and specificity of 97.9% (95% CI 96.5, 98.8%), based on the findings of six studies with complete data available (26) . While this definition appears to miss approximately one fifth of cases with diabetes and wrongly classifies 2.1% of non-cases in the population as diabetes cases, it is likely sufficiently sensitive for monitoring prevalence trends in the general population if its accuracy remains reasonably stable over time. We have no data about the duration of the disease or the specific antidiabetic treatments followed by the patients. Nevertheless, the quality and validity of our dataset has been assessed and shown to be useful for health research (27) , even though some concerns have been raised about the accuracy of routinely collected datasets.
CONCLUSIONS
People with T2DM more frequently undergo endoscopic biliary sphincterotomies during hospital admissions than non-T2DM people. T2DM was associated with an 18% lower IHM after an endoscopic biliary sphincterotomy when accounting for additional potentially confounding factors. More studies are needed to confirm whether endoscopic biliary sphincterotomies are associated with a lower IHM in the population with T2DM and provide insight into the possible reasons for this finding. a OR (95% CI): Odds ratio (95% confidence interval). ORs were calculated with logistic regression models built using "death or complications (yes/no)" as the dependent variable and the remaining variables as the independent ones. In the last model, T2DM status was included. 
